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GENERAL UTILITY NOTES: 1.	THE CONTRACTOR IS SPECIFICALLY CAUTIONED THAT THE LOCATION AND/OR ELEVATION OF EXISTING UTILITIES AND STRUCTURES AS SHOWN THE CONTRACTOR IS SPECIFICALLY CAUTIONED THAT THE LOCATION AND/OR ELEVATION OF EXISTING UTILITIES AND STRUCTURES AS SHOWN ON THESE PLANS IS BASED ON RECORDS OF VARIOUS UTILITY COMPANIES, TOWN OF PEMBROKE, AND WHERE POSSIBLE, MEASUREMENTS TAKEN IN THE FIELD.  THIS INFORMATION IS NOT TO BE RELIED UPON AS BEING EXACT OR COMPLETE.  THE LOCATION OF ALL UNDERGROUND UTILITIES AND STRUCTURES SHALL BE VERIFIED IN THE FIELD BY THE CONTRACTOR PRIOR TO THE START OF CONSTRUCTION.  THE CONTRACTOR MUST CONTACT THE APPROPRIATE UTILITY COMPANY, ANY GOVERNING PERMITTING AUTHORITY, AND "DIGSAFE" AT LEAST 72 HOURS PRIOR TO ANY EXCAVATION WORK TO REQUEST EXACT FIELD LOCATION OF UTILITIES AND THE ENGINEER SHALL BE NOTIFIED IN WRITING OF ANY UTILITIES INTERFERING WITH THE PROPOSED CONSTRUCTION AND APPROPRIATE REMEDIAL ACTION SHALL BE TAKEN BEFORE PROCEEDING WITH THE WORK.  IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR TO RELOCATE ALL EXISTING UTILITIES WHICH CONFLICT WITH THE PROPOSED IMPROVEMENTS SHOWN ON THE PLAN. 2.	MASSACHUSETTS STATE LAW REQUIRES UTILITY NOTIFICATION AT LEAST THREE BUSINESS DAYS PRIOR TO CONSTRUCTION. THE CONTRACTOR MASSACHUSETTS STATE LAW REQUIRES UTILITY NOTIFICATION AT LEAST THREE BUSINESS DAYS PRIOR TO CONSTRUCTION. THE CONTRACTOR SHALL CALL DIG-SAFE AT 1-888-344-7233 IN ORDER TO COMPLY WITH STATE LAW. 3.	THE CONTRACTOR SHALL BE RESPONSIBLE FOR ESTABLISHING AND MAINTAINING ALL CONTROL POINTS AND BENCHMARKS NECESSARY FOR THE CONTRACTOR SHALL BE RESPONSIBLE FOR ESTABLISHING AND MAINTAINING ALL CONTROL POINTS AND BENCHMARKS NECESSARY FOR THE WORK. 4.	THE CONTRACTOR SHALL EXCAVATE THE UTILITY TRENCHES IN THE LOCATIONS SHOWN ON THE PLAN PRIOR TO COMMENCING WORK TO THE CONTRACTOR SHALL EXCAVATE THE UTILITY TRENCHES IN THE LOCATIONS SHOWN ON THE PLAN PRIOR TO COMMENCING WORK TO VERIFY THE ELEVATIONS AND LOCATIONS OF EXISTING UTILITIES.  5.	THE CONTRACTOR SHALL BE RESPONSIBLE FOR NOTIFYING THE DESIGN ENGINEER FOR INSPECTION OR AS-BUILT LOCATIONS, AS REQUIRED BY THE CONTRACTOR SHALL BE RESPONSIBLE FOR NOTIFYING THE DESIGN ENGINEER FOR INSPECTION OR AS-BUILT LOCATIONS, AS REQUIRED BY THE TOWN OF PEMBROKE.  6.	IF ANY PART OF THIS DESIGN IS TO BE ALTERED IN ANY WAY, THE DESIGN ENGINEER, AS WELL AS THE APPROVING AUTHORITIES, SHALL BE IF ANY PART OF THIS DESIGN IS TO BE ALTERED IN ANY WAY, THE DESIGN ENGINEER, AS WELL AS THE APPROVING AUTHORITIES, SHALL BE NOTIFIED IN WRITING BEFORE CONSTRUCTION.  7.	THE WATER SERVICE SERVICE SHALL BE CEMENT LINED DUCTILE IRON (CLASS 52) AND SHALL BE INSTALLED WITH APPROPRIATELY SIZED THE WATER SERVICE SERVICE SHALL BE CEMENT LINED DUCTILE IRON (CLASS 52) AND SHALL BE INSTALLED WITH APPROPRIATELY SIZED TAPPING SLEEVE, GATE VALVE AND BOX. THE SERVICE APPURTENANCES, MATERIALS, METHODS OF INSTALLATION SHALL MEET OR EXCEED ALL STATE AND LOCAL MUNICIPAL REQUIREMENTS. 8.	A MINIMUM OF 10 FEET CLEAR HORIZONTALLY SHALL BE MAINTAINED BETWEEN SANITARY SEWER SERVICES AND WATER SERVICES.  WHENEVER A MINIMUM OF 10 FEET CLEAR HORIZONTALLY SHALL BE MAINTAINED BETWEEN SANITARY SEWER SERVICES AND WATER SERVICES.  WHENEVER CONDITIONS PREVENT A LATERAL SEPARATION OF 10 FEET TO A WATER SERVICE THE ELEVATION OF THE CROWN OF THE SEWER SHALL BE AT LEAST 18 INCHES BELOW THE INVERT OF THE WATER SERVICE. 9.	THE MINIMUM SIZE OF ALL STORM DRAIN PIPE SHALL BE 12" AND MATERIAL SHALL BE REINFORCED CONCRETE PIPE OF ADEQUATE STRENGTH. THE MINIMUM SIZE OF ALL STORM DRAIN PIPE SHALL BE 12" AND MATERIAL SHALL BE REINFORCED CONCRETE PIPE OF ADEQUATE STRENGTH. 10.	ALL GRAVITY SEWER PIPE SHALL BE POLYVINYL CHLORIDE (PVC) SDR-35 UNLESS OTHERWISE NOTED. ALL GRAVITY SEWER PIPE SHALL BE POLYVINYL CHLORIDE (PVC) SDR-35 UNLESS OTHERWISE NOTED. 11.	WHERE SANITARY SEWERS CROSS WATER MAINS, THE SEWER SHALL BE LAID AT SUCH AN ELEVATION THAT THE CROWN OF THE SEWER IS AT WHERE SANITARY SEWERS CROSS WATER MAINS, THE SEWER SHALL BE LAID AT SUCH AN ELEVATION THAT THE CROWN OF THE SEWER IS AT LEAST 18 INCHES BELOW THE INVERT OF THE WATER MAIN.  IF THE ELEVATION OF THE SEWER CANNOT BE VARIED TO MEET THIS REQUIREMENT, THE WATER MAIN SHALL BE RELOCATED TO PROVIDE THIS SEPARATION OR CONSTRUCTED WITH MECHANICAL-JOINT PIPE FOR A DISTANCE OF 10 FEET ON EACH SIDE OF THE SEWER.  ONE FULL LENGTH OF WATER MAIN SHALL BE CENTERED OVER THE SEWER SO THAT BOTH JOINTS WILL BE AS FAR FROM THE SEWER AS POSSIBLE.  WHENEVER IT IS IMPOSSIBLE TO OBTAIN VERTICAL SEPARATION AS STIPULATED ABOVE, BOTH THE WATER MAIN AND THE SEWER MAIN SHALL BE ENCASED IN CONCRETE FOR A MINIMUM DISTANCE OF 10 FEET FROM THE CROSSING POINT OF THE OTHER PIPE AS MEASURED NORMALLY FROM ALL POINTS ALONG THE PIPE. 12.	ALL SEWER AND STORM DRAINAGE WORK (EXCEPT PLUMBING) SHALL BE PERFORMED BY LICENSED DRAIN LAYER (LICENSED BY TOWN OF ALL SEWER AND STORM DRAINAGE WORK (EXCEPT PLUMBING) SHALL BE PERFORMED BY LICENSED DRAIN LAYER (LICENSED BY TOWN OF PEMBROKE BOARD OF HEALTH) AND THE DRAIN LAYER SHALL PULL A PERMIT FOR THE SITE FROM THE WATER DEPARTMENT PRIOR TO BEGINNING WORK. 13.	ALL NEW SEWER AND DRAIN CONNECTIONS MUST BE CORED AND ATTACHED WITH AN INSERTA TEE OR APPROVED EQUAL IF FACTORY WYE IS ALL NEW SEWER AND DRAIN CONNECTIONS MUST BE CORED AND ATTACHED WITH AN INSERTA TEE OR APPROVED EQUAL IF FACTORY WYE IS NOT AVAILABLE OR DAMAGED.  14.	THE LOCATIONS OF PROPOSED ELECTRIC SERVICES ARE APPROXIMATE. THE PROJECT ELECTRICAL ENGINEER SHALL VERIFY THESE LOCATIONS THE LOCATIONS OF PROPOSED ELECTRIC SERVICES ARE APPROXIMATE. THE PROJECT ELECTRICAL ENGINEER SHALL VERIFY THESE LOCATIONS PRIOR TO THE START OF CONSTRUCTION. COORDINATE ALL ELECTRICAL WORK WITH THE APPROPRIATE UTILITY COMPANIES. 15.	THE PROPOSED GAS SERVICE LOCATION IS APPROXIMATE ONLY.  THE CONTRACTOR SHALL COORDINATE THE GAS SERVICE INSTALLATION WITH THE PROPOSED GAS SERVICE LOCATION IS APPROXIMATE ONLY.  THE CONTRACTOR SHALL COORDINATE THE GAS SERVICE INSTALLATION WITH THE LOCAL GAS COMPANY.  THE CONTRACTOR SHALL GIVE ADVANCE NOTICE OF WHEN THE GAS LINE CAN BE INSTALLED.
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THE CONTRACTOR IS SPECIFICALLY CAUTIONED THAT THE LOCATION AND/OR  ELEVATION  OF EXISTING UTILITIES AND STRUCTURES AS SHOWN ON THESE PLANS IS BASED ON  RECORDS OF VARIOUS UTILITY COMPANIES AND WHERE POSSIBLE, MEASUREMENTS TAKEN  IN THE FIELD. THIS INFORMATION IS NOT TO BE RELIED UPON AS BEING EXACT OR  COMPLETE.  THE LOCATION OF ALL UNDERGROUND UTILITIES AND STRUCTURES SHALL  BE VERIFIED IN THE FIELD BY THE CONTRACTOR PRIOR TO THE START OF CONSTRUCTION.   THE CONTRACTOR MUST CONTACT THE APPROPRIATE UTILITY COMPANY, ANY GOVERNING  PERMITTING AUTHORITY, AND "DIGSAFE" AT LEAST 72 HOURS PRIOR TO ANY EXCAVATION  WORK TO REQUEST EXACT FIELD LOCATION OF UTILITIES AND THE ENGINEER SHALL BE  NOTIFIED IN WRITING OF ANY UTILITIES INTERFERING WITH THE PROPOSED CONSTRUCTION  AND APPROPRIATE REMEDIAL ACTION TAKEN BEFORE PROCEEDING WITH THE WORK.   IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR TO RELOCATE ALL EXISTING  UTILITIES WHICH CONFLICT WITH THE PROPOSED IMPROVEMENTS SHOWN ON THE PLAN.
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Preliminary Hydrologic Analysis  

Comprehensive Permit Plan 

River March Village 

Pembroke, Massachusetts 
 

Project Summary 

The project proponent River Marsh, LLC, proposes to develop an approximate 49.94-acre parcel 

of land located at 0 Water Street (Assessor’s Map E-17, Lot 0 and E-17A, Lot 274) in Pembroke, 

Massachusetts.  The development is being permitted under MGL Ch. 40B Comprehensive Permit 

and will consist of 56 condominium units comprised of 3, 4, and 5-unit buildings.  The proposed 

development will involve the construction of approximately 2,422 linear feet of bituminous 

roadways, residential buildings, driveways, stormwater management system, utilities and other 

related infrastructure.   

 

The development will be comprised of two parcels which are shown on the Assessor’s Map E-17, 

Lot 0 and E-17A, Lot 274. The site is located between the North River to the west and Water 

Street, at the intersection of Church Street (Route 139) to the east in Pembroke, Massachusetts.  

Virtually the entire site is within the Residence “A” Zoning District.  Access to the site is from the 

east off Water Street and through the Business “B” Zoning District.  Approximately 10,700 +/- 

square feet are in the Business “B” Zoning District.  Within less than one mile east of the 

property, is an Industrial Zone ‘B’ developed area, which abuts Pilgrims Highway (Massachusetts 

State Route 3). Homes within the immediate area are generally colonial-style, wooded-framed 

structures.  Refer to Figure 1- USGS Locus Map for the location of the parcel. 

 

The project will access utility infrastructure located on Water Street including electric, water, 

telephone and cable television.  The lots will be served by a shared subsurface sewage disposal 

system with a pump chamber and connections to the municipal water system which will extend 

from Water Street throughout the proposed development. All stormwater management 

facilities will be designed provide renovation of stormwater and meet the requirements of the 

Department of Environment Protection’s Stormwater Management Regulations.  The existing 

and proposed site conditions are illustrated on the project site plans entitled “River March 

Village, Comprehensive Permit Plan, Water Street, Pembroke, Massachusetts”, prepared by 

McKenzie Engineering Group, Inc. dated September, 2018.  

 

This report contains preliminary stormwater runoff calculations for the pre-development and 

post-development conditions and includes the sizing of the proposed low impact drainage 

system and stormwater best management practices (BMPs).   

 

Pre-Development Condition 

The site is located primarily within the Residence “A” Zoning District and is comprised of 22.53 

acres of upland and 27.41 acres of wetland. The Pembroke Conservation Commission has 

confirmed the wetland resource area by issuance of an Order of Resource Area Delineation 

(ORAD) dated June 3, 2003 for DEP File #SE 56-732.  The wetland that was approved under this 

ORAD, is classified as a tidal wetland. Per the Massachusetts Stormwater Handbook Standard 2 

(Reduce Peak Rate Discharge) may be waived for discharges to land subject to coastal storm 

flowage as defined in 310 CMR 10.04. 
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One single family home currently exists on parcel Map E-17A Lot 274, which is to be retained. 

The project site is partially wooded and partially cleared with grass cover and wetlands toward 

the west side of the site approaching the North River.  No improvements have been made to the 

land.  The topography of the site is varied with elevations ranging from 30’ along the eastern 

boundary of the parcel of 5’ mean se level (MSL) at the natural riverbank of the North River.  

Slopes vary from gentle to somewhat steeper grades sloping toward the wetlands on the west 

side of the site. 

 

Review of available environmental databases such as MassGIS reveals that the site is not located 

within a mapped Natural Heritage Area, a Zone II or Zone III Groundwater Recharge Area, an 

Interim Wellhead Protection Area (IWPA), or a Contributing Watershed to Outstanding Resource 

Water (ORW).  Review of the Town of Pembroke’s Zoning Map reveals that the site is not 

located within any other protection area.  

 

The site is within Zone AE (Elevation 8) and Zone X of the Flood Insurance Rate Map, as shown 

on the current FEMA Flood Insurance Rate Map Panel Nos. 25023C0206J and 25023C0207J with 

an effective date of July 17, 2012. Refer to Figure 2 – FEMA Flood Map. 

 

The Natural Resources Conservation Service (NRCS) has identified the soil on the site as 

Scarboro, Ipswich, Squamscott, Eldridge, Hinckley, Merrimac, Windsor and Deerfield soils. The 

soils range in hydrological soil group classifications from 'A' to 'D'. In addition to the NRCS 

information, subsurface exploration has been conducted by R.H. Cole & Associate in July of 1992 

and September of 1993. The deep observation holes revealed primarily fine to coarse sand (HSG 

A) throughout the upland areas of the site. Refer to Figure 3 – Soil Map. 

 

The existing watershed analyzed in this report is comprised of approximately 18.5 acres and 

consists of three (3) sub-catchments.  Refer to the Pre-Development Watershed Plan WS-1 in 

Appendix A for a delineation of drainage subcatchments for the pre-development design 

condition. 

 

The SCS Technical Release 20 (TR-20) and Technical Release 55 (TR-55) method-based program 

“HydroCAD” was employed to develop pre- and post-development peak flows. Drainage 

calculations were prepared for the pre-development condition for the 2, 10, 25 and 100-year, 

Type III storm events.  Refer to Appendix A for computer results, soil characteristics, cover 

descriptions and times of concentrations for all subareas. 
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The peak rates of runoff and elevations for this condition are as follows: 

 

Table 1 – Pre-Development Results 

  Design Storm (flow in cfs) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

DP-1 0.22 2.57 5.67 13.28 

DP-2 0.01 0.15 4.75 1.27 

 

  

Design Storm (volume in ac-ft) 

2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

DP-1 0.129 0.518 0.924 1.733 

DP-2 0.006 0.043 0.084 0.169 

 

Post-Development Condition 

The proposed development will consist of 56 condominium units comprised of 3, 4, and 5-unit 

buildings with bituminous concrete access roadways, parking areas and associated 

infrastructure.  Visitor parking will be dispersed throughout the site.  Access to the site will be 

provided by a private 22 ft. wide roadway with two access points from Water Street.   

 

Watershed areas were analyzed in the post-development condition to design low impact 

stormwater management facilities to mitigate impacts resulting from developing the property.  

The objective in designing the proposed drainage facilities for the project was to maintain 

existing drainage patterns to the extent practicable and to ensure that the post-development 

rates of runoff are less than pre-development rates at the design points.   

 

Refer to the Post-Development Watershed Plan WS-2 in Appendix B for a delineation of post-

development drainage subareas.  The design points for the post-development design conditions 

correspond to those analyzed for the pre-development design condition. 

 

Drainage calculations were prepared by employing the SCS TR-20 Methods for the 2, 10, 25 and 

100-year, type III storm events.   Refer to Appendix B for computer results.  The subsurface 

infiltration chambers were designed to accommodate peak flows generated by all storms up to 

and including the 100-year storm event.  Refer to site plans for the drainage system design.   
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The peak rates of runoff and elevations for this condition are as follows: 

 

Table 2 – Post-Development Results 

  Design Storm (flow in cfs) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

DP-1 0.00 0.43 1.27 3.75 

DP-2 0.00 0.00 0.01 0.06 

 

  Design Storm (volume in ac-ft) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

DP-1 0.000 0.519 1.107 2.174 

DP-2 0.000 0.001 0.005 0.014 

 

Although exempt from Standard 2 – Peak Rate Discharges, because discharge is to land subject 

to coastal storm flowage, a comparison of the pre-development and post-development peak 

rates of runoff indicate that the peak rates of runoff for the post-development condition at all 

Design Points will be less than the pre-development condition for all storm events.  
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.270 49 50-75% Grass cover, Fair, HSG A  (E3)

0.018 98 Paved parking, HSG A  (E3)

4.362 36 Woods, Fair, HSG A  (E1)

7.986 30 Woods, Good, HSG A  (E2, E3)

5.922 70 Woods, Good, HSG C  (E2, E3)

18.558 45 TOTAL AREA
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

12.636 HSG A E1, E2, E3

0.000 HSG B

5.922 HSG C E2, E3

0.000 HSG D

0.000 Other

18.558 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.270 0.000 0.000 0.000 0.000 0.270 50-75% Grass cover, Fair E3

0.018 0.000 0.000 0.000 0.000 0.018 Paved parking E3

4.362 0.000 0.000 0.000 0.000 4.362 Woods, Fair E1

7.986 0.000 5.922 0.000 0.000 13.908 Woods, Good E2, E3

12.636 0.000 5.922 0.000 0.000 18.558 TOTAL AREA
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.00"Subcatchment E1: SW Property
   Flow Length=406'   Tc=12.0 min   CN=36   Runoff=0.00 cfs  0.000 af

Runoff Area=536,132 sf   0.00% Impervious   Runoff Depth=0.13"Subcatchment E2: Central Property
   Flow Length=808'   Tc=17.9 min   CN=48   Runoff=0.22 cfs  0.129 af

Runoff Area=82,214 sf   0.94% Impervious   Runoff Depth=0.04"Subcatchment E3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=43   Runoff=0.01 cfs  0.006 af

   Inflow=0.22 cfs  0.129 afReach DP-1: Wetland
   Outflow=0.22 cfs  0.129 af

   Inflow=0.01 cfs  0.006 afReach DP-2: Water St
   Outflow=0.01 cfs  0.006 af

Total Runoff Area = 18.558 ac   Runoff Volume = 0.136 af   Average Runoff Depth = 0.09"
99.90% Pervious = 18.540 ac     0.10% Impervious = 0.018 ac
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Summary for Subcatchment E1: SW Property

[45] Hint: Runoff=Zero

Runoff = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Depth= 0.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

190,029 36 Woods, Fair, HSG A

190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 356 0.0400 3.22 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 406 Total

Subcatchment E1: SW Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

1

0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=190,029 sf

Runoff Volume=0.000 af

Runoff Depth=0.00"

Flow Length=406'

Tc=12.0 min

CN=36

0.00 cfs
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Summary for Subcatchment E2: Central Property

Runoff = 0.22 cfs @ 13.77 hrs,  Volume= 0.129 af,  Depth= 0.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

299,040 30 Woods, Good, HSG A
237,092 70 Woods, Good, HSG C

536,132 48 Weighted Average
536,132 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

13.4 50 0.0150 0.06 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

4.5 758 0.0310 2.83 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.9 808 Total

Subcatchment E2: Central Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.24

0.23

0.22

0.21

0.2

0.19

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=536,132 sf

Runoff Volume=0.129 af

Runoff Depth=0.13"

Flow Length=808'

Tc=17.9 min

CN=48

0.22 cfs
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Summary for Subcatchment E3: SE Property

Runoff = 0.01 cfs @ 15.62 hrs,  Volume= 0.006 af,  Depth= 0.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

48,838 30 Woods, Good, HSG A
20,856 70 Woods, Good, HSG C
11,750 49 50-75% Grass cover, Fair, HSG A

770 98 Paved parking, HSG A

82,214 43 Weighted Average
81,444 99.06% Pervious Area

770 0.94% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment E3: SE Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.01

0.009

0.009

0.008

0.008

0.007

0.007

0.006

0.006

0.005

0.005

0.004

0.004

0.003

0.003

0.002

0.002

0.001

0.001

0.000

0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=82,214 sf

Runoff Volume=0.006 af

Runoff Depth=0.04"

Flow Length=290'

Tc=13.3 min

CN=43

0.01 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.670 ac, 0.00% Impervious,  Inflow Depth = 0.09"    for  2-yr event
Inflow = 0.22 cfs @ 13.77 hrs,  Volume= 0.129 af
Outflow = 0.22 cfs @ 13.77 hrs,  Volume= 0.129 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.24

0.23

0.22

0.21

0.2

0.19

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Inflow Area=16.670 ac
0.22 cfs

0.22 cfs
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Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.887 ac, 0.94% Impervious,  Inflow Depth = 0.04"    for  2-yr event
Inflow = 0.01 cfs @ 15.62 hrs,  Volume= 0.006 af
Outflow = 0.01 cfs @ 15.62 hrs,  Volume= 0.006 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.01

0.009

0.009

0.008

0.008

0.007

0.007

0.006

0.006

0.005

0.005

0.004

0.004

0.003

0.003

0.002

0.002

0.001

0.001

0.000

0

Inflow Area=1.887 ac
0.01 cfs

0.01 cfs
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.07"Subcatchment E1: SW Property
   Flow Length=406'   Tc=12.0 min   CN=36   Runoff=0.04 cfs  0.025 af

Runoff Area=536,132 sf   0.00% Impervious   Runoff Depth=0.48"Subcatchment E2: Central Property
   Flow Length=808'   Tc=17.9 min   CN=48   Runoff=2.57 cfs  0.492 af

Runoff Area=82,214 sf   0.94% Impervious   Runoff Depth=0.27"Subcatchment E3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=43   Runoff=0.15 cfs  0.043 af

   Inflow=2.57 cfs  0.518 afReach DP-1: Wetland
   Outflow=2.57 cfs  0.518 af

   Inflow=0.15 cfs  0.043 afReach DP-2: Water St
   Outflow=0.15 cfs  0.043 af

Total Runoff Area = 18.558 ac   Runoff Volume = 0.561 af   Average Runoff Depth = 0.36"
99.90% Pervious = 18.540 ac     0.10% Impervious = 0.018 ac
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Summary for Subcatchment E1: SW Property

Runoff = 0.04 cfs @ 15.37 hrs,  Volume= 0.025 af,  Depth= 0.07"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

190,029 36 Woods, Fair, HSG A

190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 356 0.0400 3.22 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 406 Total

Subcatchment E1: SW Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.042

0.04

0.038

0.036

0.034

0.032

0.03

0.028

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0

Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=190,029 sf

Runoff Volume=0.025 af

Runoff Depth=0.07"

Flow Length=406'

Tc=12.0 min

CN=36

0.04 cfs
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Summary for Subcatchment E2: Central Property

Runoff = 2.57 cfs @ 12.46 hrs,  Volume= 0.492 af,  Depth= 0.48"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

299,040 30 Woods, Good, HSG A
237,092 70 Woods, Good, HSG C

536,132 48 Weighted Average
536,132 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

13.4 50 0.0150 0.06 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

4.5 758 0.0310 2.83 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.9 808 Total

Subcatchment E2: Central Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=536,132 sf

Runoff Volume=0.492 af

Runoff Depth=0.48"

Flow Length=808'

Tc=17.9 min

CN=48

2.57 cfs



Type III 24-hr  10-yr Rainfall=4.70"215-181 PRE-DEV
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Summary for Subcatchment E3: SE Property

Runoff = 0.15 cfs @ 12.51 hrs,  Volume= 0.043 af,  Depth= 0.27"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

48,838 30 Woods, Good, HSG A
20,856 70 Woods, Good, HSG C
11,750 49 50-75% Grass cover, Fair, HSG A

770 98 Paved parking, HSG A

82,214 43 Weighted Average
81,444 99.06% Pervious Area

770 0.94% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment E3: SE Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=82,214 sf

Runoff Volume=0.043 af

Runoff Depth=0.27"

Flow Length=290'

Tc=13.3 min

CN=43

0.15 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.670 ac, 0.00% Impervious,  Inflow Depth = 0.37"    for  10-yr event
Inflow = 2.57 cfs @ 12.46 hrs,  Volume= 0.518 af
Outflow = 2.57 cfs @ 12.46 hrs,  Volume= 0.518 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Inflow Area=16.670 ac
2.57 cfs

2.57 cfs
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Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.887 ac, 0.94% Impervious,  Inflow Depth = 0.27"    for  10-yr event
Inflow = 0.15 cfs @ 12.51 hrs,  Volume= 0.043 af
Outflow = 0.15 cfs @ 12.51 hrs,  Volume= 0.043 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.887 ac
0.15 cfs

0.15 cfs
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.21"Subcatchment E1: SW Property
   Flow Length=406'   Tc=12.0 min   CN=36   Runoff=0.13 cfs  0.077 af

Runoff Area=536,132 sf   0.00% Impervious   Runoff Depth=0.83"Subcatchment E2: Central Property
   Flow Length=808'   Tc=17.9 min   CN=48   Runoff=5.65 cfs  0.847 af

Runoff Area=82,214 sf   0.94% Impervious   Runoff Depth=0.54"Subcatchment E3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=43   Runoff=0.45 cfs  0.084 af

   Inflow=5.67 cfs  0.924 afReach DP-1: Wetland
   Outflow=5.67 cfs  0.924 af

   Inflow=0.45 cfs  0.084 afReach DP-2: Water St
   Outflow=0.45 cfs  0.084 af

Total Runoff Area = 18.558 ac   Runoff Volume = 1.009 af   Average Runoff Depth = 0.65"
99.90% Pervious = 18.540 ac     0.10% Impervious = 0.018 ac
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Summary for Subcatchment E1: SW Property

Runoff = 0.13 cfs @ 12.61 hrs,  Volume= 0.077 af,  Depth= 0.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

190,029 36 Woods, Fair, HSG A

190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 356 0.0400 3.22 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 406 Total

Subcatchment E1: SW Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=190,029 sf

Runoff Volume=0.077 af

Runoff Depth=0.21"

Flow Length=406'

Tc=12.0 min

CN=36

0.13 cfs
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Summary for Subcatchment E2: Central Property

Runoff = 5.65 cfs @ 12.35 hrs,  Volume= 0.847 af,  Depth= 0.83"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

299,040 30 Woods, Good, HSG A
237,092 70 Woods, Good, HSG C

536,132 48 Weighted Average
536,132 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

13.4 50 0.0150 0.06 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

4.5 758 0.0310 2.83 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.9 808 Total

Subcatchment E2: Central Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

6

5

4

3

2

1

0

Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=536,132 sf

Runoff Volume=0.847 af

Runoff Depth=0.83"

Flow Length=808'

Tc=17.9 min

CN=48

5.65 cfs
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Summary for Subcatchment E3: SE Property

Runoff = 0.45 cfs @ 12.40 hrs,  Volume= 0.084 af,  Depth= 0.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

48,838 30 Woods, Good, HSG A
20,856 70 Woods, Good, HSG C
11,750 49 50-75% Grass cover, Fair, HSG A

770 98 Paved parking, HSG A

82,214 43 Weighted Average
81,444 99.06% Pervious Area

770 0.94% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment E3: SE Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=82,214 sf

Runoff Volume=0.084 af

Runoff Depth=0.54"

Flow Length=290'

Tc=13.3 min

CN=43

0.45 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.670 ac, 0.00% Impervious,  Inflow Depth = 0.67"    for  25-yr event
Inflow = 5.67 cfs @ 12.36 hrs,  Volume= 0.924 af
Outflow = 5.67 cfs @ 12.36 hrs,  Volume= 0.924 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=16.670 ac
5.67 cfs

5.67 cfs
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Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.887 ac, 0.94% Impervious,  Inflow Depth = 0.54"    for  25-yr event
Inflow = 0.45 cfs @ 12.40 hrs,  Volume= 0.084 af
Outflow = 0.45 cfs @ 12.40 hrs,  Volume= 0.084 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.887 ac
0.45 cfs

0.45 cfs
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.56"Subcatchment E1: SW Property
   Flow Length=406'   Tc=12.0 min   CN=36   Runoff=0.96 cfs  0.203 af

Runoff Area=536,132 sf   0.00% Impervious   Runoff Depth=1.49"Subcatchment E2: Central Property
   Flow Length=808'   Tc=17.9 min   CN=48   Runoff=12.46 cfs  1.529 af

Runoff Area=82,214 sf   0.94% Impervious   Runoff Depth=1.07"Subcatchment E3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=43   Runoff=1.27 cfs  0.169 af

   Inflow=13.28 cfs  1.733 afReach DP-1: Wetland
   Outflow=13.28 cfs  1.733 af

   Inflow=1.27 cfs  0.169 afReach DP-2: Water St
   Outflow=1.27 cfs  0.169 af

Total Runoff Area = 18.558 ac   Runoff Volume = 1.902 af   Average Runoff Depth = 1.23"
99.90% Pervious = 18.540 ac     0.10% Impervious = 0.018 ac
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Summary for Subcatchment E1: SW Property

Runoff = 0.96 cfs @ 12.42 hrs,  Volume= 0.203 af,  Depth= 0.56"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

190,029 36 Woods, Fair, HSG A

190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 356 0.0400 3.22 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 406 Total

Subcatchment E1: SW Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=190,029 sf

Runoff Volume=0.203 af

Runoff Depth=0.56"

Flow Length=406'

Tc=12.0 min

CN=36

0.96 cfs
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Summary for Subcatchment E2: Central Property

Runoff = 12.46 cfs @ 12.30 hrs,  Volume= 1.529 af,  Depth= 1.49"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

299,040 30 Woods, Good, HSG A
237,092 70 Woods, Good, HSG C

536,132 48 Weighted Average
536,132 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

13.4 50 0.0150 0.06 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

4.5 758 0.0310 2.83 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.9 808 Total

Subcatchment E2: Central Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=536,132 sf

Runoff Volume=1.529 af

Runoff Depth=1.49"

Flow Length=808'

Tc=17.9 min

CN=48

12.46 cfs
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Summary for Subcatchment E3: SE Property

Runoff = 1.27 cfs @ 12.25 hrs,  Volume= 0.169 af,  Depth= 1.07"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

48,838 30 Woods, Good, HSG A
20,856 70 Woods, Good, HSG C
11,750 49 50-75% Grass cover, Fair, HSG A

770 98 Paved parking, HSG A

82,214 43 Weighted Average
81,444 99.06% Pervious Area

770 0.94% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment E3: SE Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=82,214 sf

Runoff Volume=0.169 af

Runoff Depth=1.07"

Flow Length=290'

Tc=13.3 min

CN=43

1.27 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.670 ac, 0.00% Impervious,  Inflow Depth = 1.25"    for  100-yr event
Inflow = 13.28 cfs @ 12.30 hrs,  Volume= 1.733 af
Outflow = 13.28 cfs @ 12.30 hrs,  Volume= 1.733 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=16.670 ac
13.28 cfs

13.28 cfs



Type III 24-hr  100-yr Rainfall=7.00"215-181 PRE-DEV
Prepared by McKenzie Engineering Group, Inc.

Page 28HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.887 ac, 0.94% Impervious,  Inflow Depth = 1.07"    for  100-yr event
Inflow = 1.27 cfs @ 12.25 hrs,  Volume= 0.169 af
Outflow = 1.27 cfs @ 12.25 hrs,  Volume= 0.169 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.887 ac
1.27 cfs

1.27 cfs
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Post-Development Condition 
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

5.874 39 >75% Grass cover, Good, HSG A  (P1, P2, P2a, P3)

0.145 76 Gravel roads, HSG A  (P1, P2)

2.372 98 Paved parking, HSG A  (P2a)

2.354 98 Roofs, HSG A  (P2a)

3.468 36 Woods, Fair, HSG A  (P1)

4.345 30 Woods, Good, HSG A  (P2, P3)

18.558 52 TOTAL AREA



215-181 Post-DEV
Prepared by McKenzie Engineering Group, Inc.

Page 3HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

18.558 HSG A P1, P2, P2a, P3

0.000 HSG B

0.000 HSG C

0.000 HSG D

0.000 Other

18.558 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

5.874 0.000 0.000 0.000 0.000 5.874 >75% Grass cover, Good P1, P2, 

P2a, P3

0.145 0.000 0.000 0.000 0.000 0.145 Gravel roads P1, P2

2.372 0.000 0.000 0.000 0.000 2.372 Paved parking P2a

2.354 0.000 0.000 0.000 0.000 2.354 Roofs P2a

3.468 0.000 0.000 0.000 0.000 3.468 Woods, Fair P1

4.345 0.000 0.000 0.000 0.000 4.345 Woods, Good P2, P3

18.558 0.000 0.000 0.000 0.000 18.558 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Inside-Fill

(inches)

1 1P 9.75 9.29 46.0 0.0100 0.013 12.0 0.0 0.0
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.00"Subcatchment P1: SW Property
   Flow Length=400'   Tc=12.0 min   CN=38   Runoff=0.00 cfs  0.000 af

Runoff Area=255,881 sf   0.00% Impervious   Runoff Depth=0.00"Subcatchment P2: Central Overland
   Flow Length=190'   Tc=17.0 min   CN=33   Runoff=0.00 cfs  0.000 af

Runoff Area=347,600 sf   59.22% Impervious   Runoff Depth=1.17"Subcatchment P2a: Developed Site
   Tc=0.0 min   CN=74   Runoff=12.10 cfs  0.779 af

Runoff Area=14,865 sf   0.00% Impervious   Runoff Depth=0.00"Subcatchment P3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=35   Runoff=0.00 cfs  0.000 af

   Inflow=0.00 cfs  0.000 afReach DP-1: Wetland
   Outflow=0.00 cfs  0.000 af

   Inflow=0.00 cfs  0.000 afReach DP-2: Water St
   Outflow=0.00 cfs  0.000 af

Peak Elev=10.65'  Storage=15,616 cf   Inflow=12.10 cfs  0.779 afPond 1P: Infiltration Pond
   Discarded=0.71 cfs  0.779 af   Primary=0.00 cfs  0.000 af   Outflow=0.71 cfs  0.779 af

Total Runoff Area = 18.558 ac   Runoff Volume = 0.779 af   Average Runoff Depth = 0.50"
74.54% Pervious = 13.832 ac     25.46% Impervious = 4.725 ac
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Summary for Subcatchment P1: SW Property

Runoff = 0.00 cfs @ 23.99 hrs,  Volume= 0.000 af,  Depth= 0.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

151,064 36 Woods, Fair, HSG A
33,865 39 >75% Grass cover, Good, HSG A
5,100 76 Gravel roads, HSG A

190,029 38 Weighted Average
190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 350 0.0410 3.26 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 400 Total

Subcatchment P1: SW Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.000

0.000

0.000

0.000

0

0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=190,029 sf

Runoff Volume=0.000 af

Runoff Depth=0.00"

Flow Length=400'

Tc=12.0 min

CN=38

0.00 cfs
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Summary for Subcatchment P2: Central Overland

[45] Hint: Runoff=Zero

Runoff = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Depth= 0.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

183,339 30 Woods, Good, HSG A
71,317 39 >75% Grass cover, Good, HSG A
1,225 76 Gravel roads, HSG A

255,881 33 Weighted Average
255,881 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.8 50 0.0100 0.05 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.2 140 0.0150 1.97 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.0 190 Total

Subcatchment P2: Central Overland

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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lo

w
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fs

)

1

0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=255,881 sf

Runoff Volume=0.000 af

Runoff Depth=0.00"

Flow Length=190'

Tc=17.0 min

CN=33

0.00 cfs



Type III 24-hr  2-yr Rainfall=3.40"215-181 Post-DEV
Prepared by McKenzie Engineering Group, Inc.

Page 9HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment P2a: Developed Site

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 12.10 cfs @ 12.01 hrs,  Volume= 0.779 af,  Depth= 1.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

141,768 39 >75% Grass cover, Good, HSG A
103,305 98 Paved parking, HSG A
102,527 98 Roofs, HSG A

347,600 74 Weighted Average
141,768 40.78% Pervious Area
205,832 59.22% Impervious Area

Subcatchment P2a: Developed Site

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=347,600 sf

Runoff Volume=0.779 af

Runoff Depth=1.17"

Tc=0.0 min

CN=74

12.10 cfs
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Summary for Subcatchment P3: SE Property

[45] Hint: Runoff=Zero

Runoff = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Depth= 0.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-yr Rainfall=3.40"

Area (sf) CN Description

5,946 30 Woods, Good, HSG A
8,919 39 >75% Grass cover, Good, HSG A

14,865 35 Weighted Average
14,865 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment P3: SE Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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0

Type III 24-hr

2-yr Rainfall=3.40"

Runoff Area=14,865 sf

Runoff Volume=0.000 af

Runoff Depth=0.00"

Flow Length=290'

Tc=13.3 min

CN=35

0.00 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 18.216 ac, 25.94% Impervious,  Inflow Depth = 0.00"    for  2-yr event
Inflow = 0.00 cfs @ 23.99 hrs,  Volume= 0.000 af
Outflow = 0.00 cfs @ 23.99 hrs,  Volume= 0.000 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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0.001
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0.000

0

0

Inflow Area=18.216 ac
0.00 cfs

0.00 cfs



Type III 24-hr  2-yr Rainfall=3.40"215-181 Post-DEV
Prepared by McKenzie Engineering Group, Inc.

Page 12HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.341 ac, 0.00% Impervious,  Inflow Depth = 0.00"    for  2-yr event
Inflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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1

0

Inflow Area=0.341 ac

0.00 cfs

0.00 cfs
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Summary for Pond 1P: Infiltration Pond

Inflow Area = 7.980 ac, 59.22% Impervious,  Inflow Depth = 1.17"    for  2-yr event
Inflow = 12.10 cfs @ 12.01 hrs,  Volume= 0.779 af
Outflow = 0.71 cfs @ 11.85 hrs,  Volume= 0.779 af,  Atten= 94%,  Lag= 0.0 min
Discarded = 0.71 cfs @ 11.85 hrs,  Volume= 0.779 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 10.65' @ 14.57 hrs   Surf.Area= 14,460 sf   Storage= 15,616 cf

Plug-Flow detention time= 233.3 min calculated for 0.778 af (100% of inflow)
Center-of-Mass det. time= 233.3 min ( 1,086.0 - 852.8 )

Volume Invert Avail.Storage Storage Description

#1 9.50' 75,823 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

9.50 12,792 0 0
10.00 13,508 6,575 6,575
11.00 14,981 14,245 20,820
12.00 19,481 17,231 38,051
13.00 21,280 20,381 58,431
13.80 22,200 17,392 75,823

Device Routing     Invert Outlet Devices

#1 Primary 10.80' 2.0' long x 2.00' rise Sharp-Crested Rectangular Weir   
2 End Contraction(s)   

#2 Device 1 9.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 9.75' / 9.29'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Discarded 9.50' Special & User-Defined   
Head  (feet)  0.00  0.10  1.00  1.50  1.69  1.70  4.00   
Disch. (cfs)  0.000  0.714  0.714  0.714  0.714  0.000  0.000   

Discarded OutFlow  Max=0.71 cfs @ 11.85 hrs  HW=9.65'   (Free Discharge)
3=Special & User-Defined  (Custom Controls 0.71 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=9.50'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)

2=Culvert  ( Controls 0.00 cfs)
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Pond 1P: Infiltration Pond

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Inflow Area=7.980 ac

Peak Elev=10.65'

Storage=15,616 cf

12.10 cfs

0.71 cfs

0.71 cfs

0.00 cfs
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.12"Subcatchment P1: SW Property
   Flow Length=400'   Tc=12.0 min   CN=38   Runoff=0.07 cfs  0.042 af

Runoff Area=255,881 sf   0.00% Impervious   Runoff Depth=0.02"Subcatchment P2: Central Overland
   Flow Length=190'   Tc=17.0 min   CN=33   Runoff=0.02 cfs  0.010 af

Runoff Area=347,600 sf   59.22% Impervious   Runoff Depth=2.13"Subcatchment P2a: Developed Site
   Tc=0.0 min   CN=74   Runoff=22.72 cfs  1.415 af

Runoff Area=14,865 sf   0.00% Impervious   Runoff Depth=0.05"Subcatchment P3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=35   Runoff=0.00 cfs  0.001 af

   Inflow=1.62 cfs  0.449 afReach DP-1: Wetland
   Outflow=1.62 cfs  0.449 af

   Inflow=0.00 cfs  0.001 afReach DP-2: Water St
   Outflow=0.00 cfs  0.001 af

Peak Elev=11.36'  Storage=26,505 cf   Inflow=22.72 cfs  1.415 afPond 1P: Infiltration Pond
   Discarded=0.71 cfs  1.018 af   Primary=1.52 cfs  0.397 af   Outflow=2.23 cfs  1.415 af

Total Runoff Area = 18.558 ac   Runoff Volume = 1.468 af   Average Runoff Depth = 0.95"
74.54% Pervious = 13.832 ac     25.46% Impervious = 4.725 ac
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Summary for Subcatchment P1: SW Property

Runoff = 0.07 cfs @ 14.79 hrs,  Volume= 0.042 af,  Depth= 0.12"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

151,064 36 Woods, Fair, HSG A
33,865 39 >75% Grass cover, Good, HSG A
5,100 76 Gravel roads, HSG A

190,029 38 Weighted Average
190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 350 0.0410 3.26 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 400 Total

Subcatchment P1: SW Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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0

Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=190,029 sf

Runoff Volume=0.042 af

Runoff Depth=0.12"

Flow Length=400'

Tc=12.0 min

CN=38

0.07 cfs
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Summary for Subcatchment P2: Central Overland

Runoff = 0.02 cfs @ 21.65 hrs,  Volume= 0.010 af,  Depth= 0.02"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

183,339 30 Woods, Good, HSG A
71,317 39 >75% Grass cover, Good, HSG A
1,225 76 Gravel roads, HSG A

255,881 33 Weighted Average
255,881 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.8 50 0.0100 0.05 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.2 140 0.0150 1.97 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.0 190 Total

Subcatchment P2: Central Overland

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.01

0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001

0

Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=255,881 sf

Runoff Volume=0.010 af

Runoff Depth=0.02"

Flow Length=190'

Tc=17.0 min

CN=33

0.02 cfs
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Summary for Subcatchment P2a: Developed Site

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 22.72 cfs @ 12.01 hrs,  Volume= 1.415 af,  Depth= 2.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

141,768 39 >75% Grass cover, Good, HSG A
103,305 98 Paved parking, HSG A
102,527 98 Roofs, HSG A

347,600 74 Weighted Average
141,768 40.78% Pervious Area
205,832 59.22% Impervious Area

Subcatchment P2a: Developed Site

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=347,600 sf

Runoff Volume=1.415 af

Runoff Depth=2.13"

Tc=0.0 min

CN=74

22.72 cfs



Type III 24-hr  10-yr Rainfall=4.70"215-181 Post-DEV
Prepared by McKenzie Engineering Group, Inc.

Page 19HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment P3: SE Property

Runoff = 0.00 cfs @ 15.75 hrs,  Volume= 0.001 af,  Depth= 0.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=4.70"

Area (sf) CN Description

5,946 30 Woods, Good, HSG A
8,919 39 >75% Grass cover, Good, HSG A

14,865 35 Weighted Average
14,865 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment P3: SE Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-yr Rainfall=4.70"

Runoff Area=14,865 sf

Runoff Volume=0.001 af

Runoff Depth=0.05"

Flow Length=290'

Tc=13.3 min

CN=35

0.00 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 18.216 ac, 25.94% Impervious,  Inflow Depth = 0.30"    for  10-yr event
Inflow = 1.62 cfs @ 14.57 hrs,  Volume= 0.449 af
Outflow = 1.62 cfs @ 14.57 hrs,  Volume= 0.449 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=18.216 ac
1.62 cfs
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Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.341 ac, 0.00% Impervious,  Inflow Depth = 0.05"    for  10-yr event
Inflow = 0.00 cfs @ 15.75 hrs,  Volume= 0.001 af
Outflow = 0.00 cfs @ 15.75 hrs,  Volume= 0.001 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=0.341 ac
0.00 cfs

0.00 cfs
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Summary for Pond 1P: Infiltration Pond

Inflow Area = 7.980 ac, 59.22% Impervious,  Inflow Depth = 2.13"    for  10-yr event
Inflow = 22.72 cfs @ 12.01 hrs,  Volume= 1.415 af
Outflow = 2.23 cfs @ 12.86 hrs,  Volume= 1.415 af,  Atten= 90%,  Lag= 51.2 min
Discarded = 0.71 cfs @ 11.60 hrs,  Volume= 1.018 af
Primary = 1.52 cfs @ 12.86 hrs,  Volume= 0.397 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 11.36' @ 12.86 hrs   Surf.Area= 16,601 sf   Storage= 26,505 cf

Plug-Flow detention time= 238.0 min calculated for 1.414 af (100% of inflow)
Center-of-Mass det. time= 238.1 min ( 1,073.0 - 835.0 )

Volume Invert Avail.Storage Storage Description

#1 9.50' 75,823 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

9.50 12,792 0 0
10.00 13,508 6,575 6,575
11.00 14,981 14,245 20,820
12.00 19,481 17,231 38,051
13.00 21,280 20,381 58,431
13.80 22,200 17,392 75,823

Device Routing     Invert Outlet Devices

#1 Primary 10.80' 2.0' long x 2.00' rise Sharp-Crested Rectangular Weir   
2 End Contraction(s)   

#2 Device 1 9.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 9.75' / 9.29'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Discarded 9.50' Special & User-Defined   
Head  (feet)  0.00  0.10  1.00  1.50  1.69  1.70  4.00   
Disch. (cfs)  0.000  0.714  0.714  0.714  0.714  0.000  0.000   

Discarded OutFlow  Max=0.71 cfs @ 11.60 hrs  HW=9.65'   (Free Discharge)
3=Special & User-Defined  (Custom Controls 0.71 cfs)

Primary OutFlow  Max=2.23 cfs @ 12.86 hrs  HW=11.36'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Passes 2.23 cfs of 2.59 cfs potential flow)

2=Culvert  (Inlet Controls 2.23 cfs @ 2.84 fps)
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Pond 1P: Infiltration Pond

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
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Inflow Area=7.980 ac

Peak Elev=11.36'

Storage=26,505 cf

22.72 cfs

2.23 cfs

0.71 cfs
1.52 cfs
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.29"Subcatchment P1: SW Property
   Flow Length=400'   Tc=12.0 min   CN=38   Runoff=0.33 cfs  0.106 af

Runoff Area=255,881 sf   0.00% Impervious   Runoff Depth=0.11"Subcatchment P2: Central Overland
   Flow Length=190'   Tc=17.0 min   CN=33   Runoff=0.08 cfs  0.053 af

Runoff Area=347,600 sf   59.22% Impervious   Runoff Depth=2.85"Subcatchment P2a: Developed Site
   Tc=0.0 min   CN=74   Runoff=30.64 cfs  1.896 af

Runoff Area=14,865 sf   0.00% Impervious   Runoff Depth=0.17"Subcatchment P3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=35   Runoff=0.01 cfs  0.005 af

   Inflow=3.42 cfs  1.135 afReach DP-1: Wetland
   Outflow=3.42 cfs  1.135 af

   Inflow=0.01 cfs  0.005 afReach DP-2: Water St
   Outflow=0.01 cfs  0.005 af

Peak Elev=11.89'  Storage=35,905 cf   Inflow=30.64 cfs  1.896 afPond 1P: Infiltration Pond
   Discarded=0.71 cfs  0.921 af   Primary=3.11 cfs  0.976 af   Outflow=3.11 cfs  1.896 af

Total Runoff Area = 18.558 ac   Runoff Volume = 2.061 af   Average Runoff Depth = 1.33"
74.54% Pervious = 13.832 ac     25.46% Impervious = 4.725 ac
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Summary for Subcatchment P1: SW Property

Runoff = 0.33 cfs @ 12.51 hrs,  Volume= 0.106 af,  Depth= 0.29"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

151,064 36 Woods, Fair, HSG A
33,865 39 >75% Grass cover, Good, HSG A
5,100 76 Gravel roads, HSG A

190,029 38 Weighted Average
190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 350 0.0410 3.26 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 400 Total

Subcatchment P1: SW Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=190,029 sf

Runoff Volume=0.106 af

Runoff Depth=0.29"

Flow Length=400'

Tc=12.0 min

CN=38

0.33 cfs
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Summary for Subcatchment P2: Central Overland

Runoff = 0.08 cfs @ 15.15 hrs,  Volume= 0.053 af,  Depth= 0.11"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

183,339 30 Woods, Good, HSG A
71,317 39 >75% Grass cover, Good, HSG A
1,225 76 Gravel roads, HSG A

255,881 33 Weighted Average
255,881 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.8 50 0.0100 0.05 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.2 140 0.0150 1.97 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.0 190 Total

Subcatchment P2: Central Overland

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=255,881 sf

Runoff Volume=0.053 af

Runoff Depth=0.11"

Flow Length=190'

Tc=17.0 min

CN=33

0.08 cfs
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Summary for Subcatchment P2a: Developed Site

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 30.64 cfs @ 12.00 hrs,  Volume= 1.896 af,  Depth= 2.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

141,768 39 >75% Grass cover, Good, HSG A
103,305 98 Paved parking, HSG A
102,527 98 Roofs, HSG A

347,600 74 Weighted Average
141,768 40.78% Pervious Area
205,832 59.22% Impervious Area

Subcatchment P2a: Developed Site

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=347,600 sf

Runoff Volume=1.896 af

Runoff Depth=2.85"

Tc=0.0 min

CN=74

30.64 cfs
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Summary for Subcatchment P3: SE Property

Runoff = 0.01 cfs @ 13.86 hrs,  Volume= 0.005 af,  Depth= 0.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-yr Rainfall=5.60"

Area (sf) CN Description

5,946 30 Woods, Good, HSG A
8,919 39 >75% Grass cover, Good, HSG A

14,865 35 Weighted Average
14,865 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment P3: SE Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-yr Rainfall=5.60"

Runoff Area=14,865 sf

Runoff Volume=0.005 af

Runoff Depth=0.17"

Flow Length=290'

Tc=13.3 min

CN=35

0.01 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 18.216 ac, 25.94% Impervious,  Inflow Depth = 0.75"    for  25-yr event
Inflow = 3.42 cfs @ 12.53 hrs,  Volume= 1.135 af
Outflow = 3.42 cfs @ 12.53 hrs,  Volume= 1.135 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=18.216 ac
3.42 cfs

3.42 cfs



Type III 24-hr  25-yr Rainfall=5.60"215-181 Post-DEV
Prepared by McKenzie Engineering Group, Inc.

Page 30HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.341 ac, 0.00% Impervious,  Inflow Depth = 0.17"    for  25-yr event
Inflow = 0.01 cfs @ 13.86 hrs,  Volume= 0.005 af
Outflow = 0.01 cfs @ 13.86 hrs,  Volume= 0.005 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=0.341 ac
0.01 cfs

0.01 cfs
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Summary for Pond 1P: Infiltration Pond

Inflow Area = 7.980 ac, 59.22% Impervious,  Inflow Depth = 2.85"    for  25-yr event
Inflow = 30.64 cfs @ 12.00 hrs,  Volume= 1.896 af
Outflow = 3.11 cfs @ 12.78 hrs,  Volume= 1.896 af,  Atten= 90%,  Lag= 46.5 min
Discarded = 0.71 cfs @ 11.25 hrs,  Volume= 0.921 af
Primary = 3.11 cfs @ 12.78 hrs,  Volume= 0.976 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 11.89' @ 12.78 hrs   Surf.Area= 18,979 sf   Storage= 35,905 cf

Plug-Flow detention time= 221.7 min calculated for 1.895 af (100% of inflow)
Center-of-Mass det. time= 221.8 min ( 1,048.3 - 826.4 )

Volume Invert Avail.Storage Storage Description

#1 9.50' 75,823 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

9.50 12,792 0 0
10.00 13,508 6,575 6,575
11.00 14,981 14,245 20,820
12.00 19,481 17,231 38,051
13.00 21,280 20,381 58,431
13.80 22,200 17,392 75,823

Device Routing     Invert Outlet Devices

#1 Primary 10.80' 2.0' long x 2.00' rise Sharp-Crested Rectangular Weir   
2 End Contraction(s)   

#2 Device 1 9.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 9.75' / 9.29'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Discarded 9.50' Special & User-Defined   
Head  (feet)  0.00  0.10  1.00  1.50  1.69  1.70  4.00   
Disch. (cfs)  0.000  0.714  0.714  0.714  0.714  0.000  0.000   

Discarded OutFlow  Max=0.71 cfs @ 11.25 hrs  HW=9.63'   (Free Discharge)
3=Special & User-Defined  (Custom Controls 0.71 cfs)

Primary OutFlow  Max=3.11 cfs @ 12.78 hrs  HW=11.89'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Passes 3.11 cfs of 6.62 cfs potential flow)

2=Culvert  (Inlet Controls 3.11 cfs @ 3.97 fps)
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Pond 1P: Infiltration Pond

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
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Inflow Area=7.980 ac

Peak Elev=11.89'

Storage=35,905 cf

30.64 cfs

3.11 cfs

0.71 cfs
3.11 cfs
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=190,029 sf   0.00% Impervious   Runoff Depth=0.70"Subcatchment P1: SW Property
   Flow Length=400'   Tc=12.0 min   CN=38   Runoff=1.40 cfs  0.253 af

Runoff Area=255,881 sf   0.00% Impervious   Runoff Depth=0.37"Subcatchment P2: Central Overland
   Flow Length=190'   Tc=17.0 min   CN=33   Runoff=0.53 cfs  0.182 af

Runoff Area=347,600 sf   59.22% Impervious   Runoff Depth=4.04"Subcatchment P2a: Developed Site
   Tc=0.0 min   CN=74   Runoff=43.44 cfs  2.688 af

Runoff Area=14,865 sf   0.00% Impervious   Runoff Depth=0.49"Subcatchment P3: SE Property
   Flow Length=290'   Tc=13.3 min   CN=35   Runoff=0.06 cfs  0.014 af

   Inflow=5.89 cfs  2.221 afReach DP-1: Wetland
   Outflow=5.89 cfs  2.221 af

   Inflow=0.06 cfs  0.014 afReach DP-2: Water St
   Outflow=0.06 cfs  0.014 af

Peak Elev=12.76'  Storage=53,316 cf   Inflow=43.44 cfs  2.688 afPond 1P: Infiltration Pond
   Discarded=0.71 cfs  0.902 af   Primary=4.18 cfs  1.785 af   Outflow=4.18 cfs  2.688 af

Total Runoff Area = 18.558 ac   Runoff Volume = 3.137 af   Average Runoff Depth = 2.03"
74.54% Pervious = 13.832 ac     25.46% Impervious = 4.725 ac
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Summary for Subcatchment P1: SW Property

Runoff = 1.40 cfs @ 12.37 hrs,  Volume= 0.253 af,  Depth= 0.70"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

151,064 36 Woods, Fair, HSG A
33,865 39 >75% Grass cover, Good, HSG A
5,100 76 Gravel roads, HSG A

190,029 38 Weighted Average
190,029 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.2 50 0.0300 0.08 Sheet Flow, START off property
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 350 0.0410 3.26 Shallow Concentrated Flow, To Wetland
Unpaved   Kv= 16.1 fps

12.0 400 Total

Subcatchment P1: SW Property

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=190,029 sf

Runoff Volume=0.253 af

Runoff Depth=0.70"

Flow Length=400'

Tc=12.0 min

CN=38

1.40 cfs
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Summary for Subcatchment P2: Central Overland

Runoff = 0.53 cfs @ 12.58 hrs,  Volume= 0.182 af,  Depth= 0.37"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

183,339 30 Woods, Good, HSG A
71,317 39 >75% Grass cover, Good, HSG A
1,225 76 Gravel roads, HSG A

255,881 33 Weighted Average
255,881 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.8 50 0.0100 0.05 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.2 140 0.0150 1.97 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

17.0 190 Total

Subcatchment P2: Central Overland

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=255,881 sf

Runoff Volume=0.182 af

Runoff Depth=0.37"

Flow Length=190'

Tc=17.0 min

CN=33

0.53 cfs
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Summary for Subcatchment P2a: Developed Site

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 43.44 cfs @ 12.00 hrs,  Volume= 2.688 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

141,768 39 >75% Grass cover, Good, HSG A
103,305 98 Paved parking, HSG A
102,527 98 Roofs, HSG A

347,600 74 Weighted Average
141,768 40.78% Pervious Area
205,832 59.22% Impervious Area

Subcatchment P2a: Developed Site

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=347,600 sf

Runoff Volume=2.688 af

Runoff Depth=4.04"

Tc=0.0 min

CN=74

43.44 cfs
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Summary for Subcatchment P3: SE Property

Runoff = 0.06 cfs @ 12.47 hrs,  Volume= 0.014 af,  Depth= 0.49"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-yr Rainfall=7.00"

Area (sf) CN Description

5,946 30 Woods, Good, HSG A
8,919 39 >75% Grass cover, Good, HSG A

14,865 35 Weighted Average
14,865 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.5 50 0.0220 0.07 Sheet Flow, A-B
Woods: Light underbrush   n= 0.400   P2= 3.40"

1.8 240 0.0200 2.28 Shallow Concentrated Flow, B-C
Unpaved   Kv= 16.1 fps

13.3 290 Total

Subcatchment P3: SE Property

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.065

0.06

0.055

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Type III 24-hr

100-yr Rainfall=7.00"

Runoff Area=14,865 sf

Runoff Volume=0.014 af

Runoff Depth=0.49"

Flow Length=290'

Tc=13.3 min

CN=35

0.06 cfs
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Summary for Reach DP-1: Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 18.216 ac, 25.94% Impervious,  Inflow Depth = 1.46"    for  100-yr event
Inflow = 5.89 cfs @ 12.47 hrs,  Volume= 2.221 af
Outflow = 5.89 cfs @ 12.47 hrs,  Volume= 2.221 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-1: Wetland

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=18.216 ac
5.89 cfs

5.89 cfs
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Summary for Reach DP-2: Water St

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.341 ac, 0.00% Impervious,  Inflow Depth = 0.49"    for  100-yr event
Inflow = 0.06 cfs @ 12.47 hrs,  Volume= 0.014 af
Outflow = 0.06 cfs @ 12.47 hrs,  Volume= 0.014 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach DP-2: Water St

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.065

0.06

0.055

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Inflow Area=0.341 ac
0.06 cfs
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Summary for Pond 1P: Infiltration Pond

Inflow Area = 7.980 ac, 59.22% Impervious,  Inflow Depth = 4.04"    for  100-yr event
Inflow = 43.44 cfs @ 12.00 hrs,  Volume= 2.688 af
Outflow = 4.18 cfs @ 12.79 hrs,  Volume= 2.688 af,  Atten= 90%,  Lag= 47.3 min
Discarded = 0.71 cfs @ 10.60 hrs,  Volume= 0.902 af
Primary = 4.18 cfs @ 12.79 hrs,  Volume= 1.785 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 12.76' @ 12.79 hrs   Surf.Area= 20,843 sf   Storage= 53,316 cf

Plug-Flow detention time= 215.3 min calculated for 2.686 af (100% of inflow)
Center-of-Mass det. time= 215.5 min ( 1,031.9 - 816.4 )

Volume Invert Avail.Storage Storage Description

#1 9.50' 75,823 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

9.50 12,792 0 0
10.00 13,508 6,575 6,575
11.00 14,981 14,245 20,820
12.00 19,481 17,231 38,051
13.00 21,280 20,381 58,431
13.80 22,200 17,392 75,823

Device Routing     Invert Outlet Devices

#1 Primary 10.80' 2.0' long x 2.00' rise Sharp-Crested Rectangular Weir   
2 End Contraction(s)   

#2 Device 1 9.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 9.75' / 9.29'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Discarded 9.50' Special & User-Defined   
Head  (feet)  0.00  0.10  1.00  1.50  1.69  1.70  4.00   
Disch. (cfs)  0.000  0.714  0.714  0.714  0.714  0.000  0.000   

Discarded OutFlow  Max=0.71 cfs @ 10.60 hrs  HW=9.63'   (Free Discharge)
3=Special & User-Defined  (Custom Controls 0.71 cfs)

Primary OutFlow  Max=4.18 cfs @ 12.79 hrs  HW=12.76'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Passes 4.18 cfs of 14.40 cfs potential flow)

2=Culvert  (Inlet Controls 4.18 cfs @ 5.32 fps)
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Pond 1P: Infiltration Pond

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
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Inflow Area=7.980 ac

Peak Elev=12.76'

Storage=53,316 cf

43.44 cfs

4.18 cfs

0.71 cfs
4.18 cfs
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